Background: The 4th National Audit Project of the Royal College of Anaesthetists' and Difficult Airway Society (NAP4) made recommendations to improve reliability and safety of airway management in hospitals. This survey examines its impact. Methods: A survey was sent to all UK National Health Service hospitals to examine changes in practice in response to NAP4. We performed a 'gap analysis' to determine whether NAP4 had reduced the 'safety gap' between actual and ideal practice. Results: The response rate was 62% (192 of 307 hospitals), and 78% answered all questions. Most (97%) respondents reported changes in practice in response to NAP4 but these differed by specialty: 95% in anaesthesia; 80% in intensive care (ICU) and 59% in the emergency department (ED). Approximately 25% reported changes in organizational aspects of airway and human factors teaching. Practice changes led to a median closure of the 'safety gap' in anaesthesia of 39% (IQR 14-66%, range 11-83%), 59% in ICU (IQR 54-73%, range 31-81%) and 48% in ED (IQR 39-53%, range 35-53%). Conclusions: Publication of NAP4 was followed by changes in practice in the majority of responding departments within two yr. Improvements included improved provision of difficult airway equipment and more widespread routine use of capnography. The biggest change occurred in ICU; the impact on training nursing and junior staff was modest and here, significant safety gaps remain.
establish current practices and the gap that exists between current airway management practices and ideal practice.
Methods
The survey did not fulfill current NHS definitions of research, and formal approval by a Regional Ethics Committee was not required.
The survey included 62 questions (appendix 1), investigating whether the department had made changes in practice regarding airway governance and training, airway management before during and after anaesthesia, in the intensive care unit (ICU) and in the emergency department (ED). Survey questions asked about practices before the NAP4 report and changes in practice made as a result of the recommendations made in the NAP4 report. Questions were phrased explicitly, aiming to only identify changes in practice made as a direct consequence of NAP4 and to focus on recommendations relating to departmental or institutional practice (as opposed to national or personal practice). 4 The survey was conducted in conjunction with the Health Service Research Centre (HSRC) of the National Institute of Academic Anaesthesia at the RCoA. The survey was reviewed by the HSRC executive board before distribution, but was not formally piloted. The HSRC's database was used to identify relevant hospitals and survey recipients. An on-line survey was sent by email to all UK NHS anaesthetic department Departmental Airway Leads. 5 If no response was received the survey was serially sent to the departmental Quality Audit and Research Coordinator (QuARC), Clinical Director and Tutor. The identity of the recipient's hospital was captured to ensure that only one return was received from each hospital. The survey was conducted during 2013 and closed January 2014. Responses were collected independently by HSRC staff who were not further involved in the analysis. The responses were manually checked to ensure that only one response per anaesthetic department was counted, and responses were then de-identified. Each question in the survey related to a specific recommendation made in the NAP4 report, enquiring about practice before the NAP4 report and changes made as a consequence of the NAP4 report and recommendations. This therefore enabled us to identify the number of departments complying with a particular recommendation before NAP4 and the number changing as a result of NAP4. Based on the assumption that compliance with each NAP4 recommendation improved safety we were able to calculate the following metrics for each recommendation:
Defining A as the percentage compliance with a recommendation before NAP4 and B as the percentage compliance after NAP4.
Previous safety gap=% Safety gap before NAP4=100-A Current safety gap=% Safety gap after NAP4=100-B Absolute impact=% change in safety gap=B-A Relative impact=% closure of the safety Gap=(B-A)/(100-A)×100
The impact of changes depends on pre-existing practice and the impact of recommendations. This is illustrated in Fig. 1 . In Fig. 1 the largest absolute impact was achieved by recommendation one but this is also where the largest remaining safety gap exists. Recommendation two has produced the largest relative impact and for recommendation three there has been a small absolute impact and relative impact but the remaining safety gap is very small.
The survey results were entered into a spreadsheet and descriptive statistics calculated using Microsoft Excel 2010 (Microsoft Cooperation, Redmond, WA, USA). Results are presented as % of respondents.
Results
Surveys were distributed to 307 hospitals assumed to provide surgical services. Some respondents provided data for a group of hospitals: 175 responses were received from 192 hospitals (62% response rate). All 175 respondents replied to questions about organizational aspects and 134-136 answered clinical questions (see appendix).
Respondents were airway leads in 157 (90%) cases. Respondents who were not airway leads were clinical directors 11 (5%), QuARC 2 (1%), Tutor 1 (0.6%) and other consultants with an interest in airway management 5 (3%). All but one respondent (99.4%) were aware of NAP4. The NAP4 results had been presented in 91% of departments. Respondents reported an average 3.1 exposures to results and 98% judged this to be satisfactory.
Changes in overall practice and the role of the airway lead in response to NAP4 Most (97%) respondents reported change in practice in response to NAP4. Respondents were asked to rank the extent of change in their departmental and personal practice. Results are presented in Fig. 2 .
Most (95%) respondents reported having a departmental airway lead and 4% planned one; 44% had changed in response to NAP4. Roles of the Departmental Airway Lead included protocol Editor's key points
• Guidelines improve and standardize practice.
• The safety gap is the difference between observed practice and an ideal practice.
• NAP4 was a UK practice audit resulting in expert recommendations in airway management.
• This survey identifies improvements and opportunities for further change in airway management. Human factors training increased in response to NAP4, with 61% of respondents including this in departmental airway management training (a 24% increase in response to NAP4) and 65% including multidisciplinary team training for difficult airway management (a 26% change in response to NAP4). Regarding inclusion of airway management planning as part of the World Health Organization's time out before surgery 79% reported these are always or often discussed (a 28% increase in response to NAP4) and 66% of respondents reported that debriefing after difficult airway management occurs more commonly now than before NAP4.
Airway management practices in anaesthesia
We asked questions about 21 recommendations relating to anaesthesia practice.
Most (95%) respondents reported changes in practice in their anaesthetic department. The degree to which the reported safety gap was closed for each area of practice is shown in Fig. 3 . Practice before NAP4, the extent of change and the remaining safety gap is shown in Fig. 4 .
The greatest absolute changes in practice were in surgical airway training (49% making a change), training for management of cannot intubate cannot ventilate (CICV) situations and extubation guidelines (both, 39% making a change), universal use of capnography for anaesthesia (always 74%; nearly always 26%; sometimes/never 0%) and capnography being available in all recovery areas (both, 36% making a change). The greatest closure of the reported safety gap was in training for management of CICV (83% of gap closed) and the largest remaining gap was the formal pre-assessment of all morbidly obese patients ( post-NAP4 gap 71%). In six areas the gap was closed by more than 60% and in seven areas the gap was closed by less than 25% (Fig. 3) . Across the recommendations examined the median safety gap before NAP4 was 40% and after NAP4 26%, with a median 39% (95% CI 14-66%, range 11-83%) closure of the safety gap.
At the time of this survey the NAP4 recommendations with the highest rates of anaesthetic departmental compliance were 1) rapid sequence routinely used for those at risk of aspiration (98% of responding departments), routine documentation of airway assessment (95%) and the adoption of an explicit failed intubation policy (94%). The NAP4 recommendations with the lowest rates of departmental compliance were 1) routine preassessment of all morbidly obese patients (29%), 2) the routine documentation of an airway strategy (36%), and 3) the availability of capnography in all recovery areas (44%).
Intensive care unit practice
We asked questions about 17 recommendations relating to ICU practice. Many (80%) respondents reported changes in practice in their ICU. The degree to which the reported safety gap was closed for each area of practice is shown in Fig. 4 . Practice before NAP4, the extent of change, and the remaining safety gap is shown in Supplementary data, Fig. S1 .
Two yr after NAP4, in respondents' ICUs, continuous capnography is used for intubation on ICU always or often in 97% (always 79%; often 18%; rarely/never 3%) and for monitoring of patients with tracheal tubes always or often in 89% of units (always 68%; often 21%; rarely 9%; never 2%). A checklist is routinely used before intubation in two thirds of ICUs and more than 90% of units report immediate access to a difficult airway trolley and the existence of a policy for managing difficult intubation. Training of junior and non-medical staff and communication of predicted airway difficulty remain areas of suboptimal practice (Fig. 5) .
The greatest absolute changes in practice were in capnography always being used at tracheal intubation in ICU (42% reporting a change in response to NAP4) and for tracheal intubation of the critically ill outside ICU (42% making a change), in the contents of the difficult airway trolley matching those elsewhere in the hospital (38% making a change) and in there being a policy for management of tracheal intubation difficulty on ICU (35% making a change). The greatest closure of the safety gap was in immediate access to a difficult airway trolley on ICU (81% of gap closed) and the largest remaining gap was the proportion of respondents reporting that all clinical staff in ICU are trained in interpretation of capnography ( post-NAP4 gap 48%).
In six areas the gap was closed by at least 60% and in no areas was the gap closed by less than 25% (Fig. 4) . Across the recommendations examined the median safety gap before NAP4 was 45% and after NAP4 18%, with a median 56% (95% CI 54-73%, range 31-81%) closure of the safety gap.
The NAP4 recommendations with the highest rates of ICU departmental compliance were 1) continuous access to senior medical staff for trainee medics (99% of responding departments), 2) immediate access to a difficult airway trolley (93%), and 3) continuous capnography is always/often used during percutaneous tracheostomy (92%). The recommendations with the lowest rates of departmental compliance were 1) all ICU clinical staff trained to interpret capnography (52%), 2) routine use of an intubation checklist (65%), and 3) continuous capnography used in all patients with tracheal tubes (68%).
Emergency department practice
We asked questions about six recommendations relating to ED practice. More than half (59%) of the respondents reported changes in practice in their ED. The degree to which the reported safety gap was closed for each area of practice is shown in Fig. 6 . Practice before NAP4, the extent of change and the remaining safety gap is shown in Supplementary data, Fig. S2 . After NAP4, capnography was reported to be used for tracheal intubations in the emergency department: always by 72%, often by 22% and rarely by 3%. Respondents reported use of a checklist before tracheal intubation in the ED always or often by 45% and rarely or never by 55%. Trained, skilled assistance for airway management in the ED was reported always or often by 86%: rarely or never by 14%.
The greatest overall changes in practice were in the contents of the difficult airway trolley, matching those elsewhere in the hospital (34% reporting a change in response to NAP4) and in immediate access to a difficult airway trolley (30% making a change). The greatest closure of the safety gap was in immediate access to a difficult airway trolley (53% of gap closed) and the largest remaining gap was in the routine use of a checklist before intubations reported to be always by 20% and often by 25% ( post-NAP4 gap 55%).
In no areas was the gap closed by more than 60% or less than 25% (Fig. 6) . Across the recommendations examined, the median safety gap before NAP4 was 56% and after NAP4 27%, with a median 48% (95% CI 39-53%, range 35-53%) closure of the safety gap.
The NAP4 recommendations with the highest rates of emergency departmental compliance were 1) robust processes to ensure skilled, senior staff always available (88% of responding departments), 2) trained, skilled airway assistance always present during airway management (84%), and 3) immediate access to a difficult airway trolley (73%). The recommendations with the lowest rates of departmental compliance were 1) use of a checklist before intubation (45%), 2) the difficult airway trolley mimics those elsewhere in the hospital (68%), and 3) capnography used for all intubations (72%).
Discussion
This survey has measured the degree to which departmental level recommendations made in the NAP4 report were implemented nationally in UK NHS hospitals. In doing so the survey has also identified several other useful metrics. Based on the assumption that all recommendations made by NAP4 and measured here were likely to represent safe practice, the survey enables the identification of the 'safety gap' (difference between actual and ideal practice) both before NAP4 and two yr later. The latter measure enables the identification of the remaining safety gap. Dissemination appears to have been satisfactory: respondents report more than three exposures to NAP4 each and the project was formally presented to more than 90% of departments. All but 2% of respondents judged this to be satisfactory. We did not examine which aspects of dissemination were most successful, nor which led to most changes in practice where these occurred.
Overall the survey has shown considerable impact of the project. In 2000 Balas and Boren reported that it takes 17 yr for research to lead to significant changes in clinical practice. 6 By this metric the impact of NAP4 has been rapid. While development of information technology is likely to have accelerated the process, it is likely that the full impact of NAP4 is not yet complete. A similar survey performed one yr after the previous NAP -NAP3 which examined major complications of central neuraxial blockade 7 -reported changes in information provided to patients in approximately two thirds of hospitals and changes in care delivery in approximately one quarter of hospitals and by one quarter of individual respondents. 8 In the current survey changes in individual and institutional practice were reported by more than 95% of respondents (Fig. 2) . On one level the safety gap before NAP4 can be considered the 'extent of the problem to be addressed' by NAP4. The proportion of the safety gap closed (Figs 3, 5 and 6) can be considered the 'work done' and the 'safety gap after NAP4' represents the 'work still to do'. Looked at in this way the greatest success has been achieved in ICU. Here the (median) safety gap before NAP4 was the highest of the three areas of practice at 45% and two yr after NAP4 this was reduced to 18% (closing the gap by almost 60%). Of note, ICU was the area of practice where events reported to ICU had the highest incidence, the worst outcome and the highest rates of both poor practice and avoidable deaths. 2, 3 In the ED, another area of concern in NAP4, the extent of absolute changes, the extent to which the gap has been closed appears to be lower and the remaining gap higher than in ICU. Conversely anaesthesia was the area of practice in NAP4 with the lowest incidence of events, lowest mortality and highest rates of good practice. Reflecting this, the safety gap before NAP4 was the smallest of the three areas of practice, median 40%, but it was only closed by 40% leaving a residual median 26% gap. It is not clear why NAP4 seems to have had a lesser impact on anaesthesia practice than in ICU. Plausible explanations include: that the recommendations in anaesthesia are harder to achieve; the small number of deaths and cases of poor practice reported to NAP4 act as a relative disincentive; more departments do not agree with the recommendations or see them simply as recommendations rather than standards of care. There are notable areas where only modest impact has resulted from NAP4 and where a significant proportion of hospitals still do not adhere to good practice. In anaesthesia, routine preassessment of morbidly obese patients remains infrequent and this has changed little since NAP4. Recently published guidance on perioperative management of the obese surgical patient reemphasizes the risks these patients undergo during anaesthesia and surgery. 9 Despite 39% of hospitals changing practice still more than 40% of hospitals have no policy for extubation. The DAS extubation guidelines provide such a framework. 10 Availability of capnography in all recovery units changed in 36% of hospitals but remains unachieved in more than 50% of hospitals. 
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The updated standards for minimum monitoring of the Association of Anaesthetists of Great Britain and Ireland should provide further impetus to complying with this recommendation.
11
Tracheostomy management was identified by NAP4 as a major concern but two yr after NAP4 more than a quarter of respondents stated that they had no defined communication lines for tracheostomy patients between ICU, anaesthesia and surgical departments. The National Confidential Enquiry into Patient Outcome and Death report 'On the right Trach' made a very similar recommendations. 12 Several recommendations associated with small degrees of change and relatively large remaining gaps relate to training -including of recovery staff, maternity staff and of those performing cricoid force (Fig. 4) . In ICU NAP4 has led to major changes in the provision and use of capnography, but further work is required to change this from common to universal practice and to ensure all staff on ICU are able to interpret capnography correctly. [13] [14] [15] In the ED, progress has been less dramatic and across all the recommendations explored there remains considerable room for improvement. Further change, if deemed useful, could likely be stimulated by inclusion of the NAP4 recommendations in the College's Guidelines for the Provision of Anaesthetic Services (GPAS) and Anaesthesia Clinical Services Accreditation (ACSA) Standards. There are several limitations to the survey. First we did not examine the impact of all recommendations made by NAP4. These total 144 and we judged it impractical and counterproductive to explore all these. Some recommendations relate to national or individual practice and this survey focused on those recommendations which we anticipated leading to change at a departmental or institutional level. 9 Second, the response rate (62%) is rather lower than we hoped for. The survey was announced in relevant publications, 4 was emailed serially to named individuals in Anaesthetic Departments, with responsibility for this area of practice and several reminders were sent. All respondents replied regarding organizational changes, whilst 78% responded to the clinical questions. Third, we are not able to validate the respondents' responses, as is the case in any survey. It is possible the respondents have over-estimated the changes made in their hospital and also that non-respondents may have made fewer changes to practice than respondents. It is also possible that respondents may have understated changes and this perhaps affects the ED returns most, as changes may have been made by the ED staff without knowledge of the anaesthesia staff. Fourth, and perhaps converse to above, many of the questions we asked were aspirational -for instance we asked whether 'capnography was used for all anaesthetics in all locations' and whether 'all staff on ICU were trained in interpretation of capnography' -therefore it is quite feasible that hospitals have made changes in practice and improved safety but not reached these stringent targets. This would tend to underestimate the impact of NAP4 on safe practices. Fifth, the survey was completed in 2014 and practices may have changed in either direction since then, under a number of influences. However the main aim of the survey was to identify changes in practice attributable to NAP4 two yr after its publication. Finally, the survey only explores hospital practices as reported by a consultant with an interest in the topic -it does not collect performance at a patient level and cannot measure whether NAP4 has led to a reduction in unsafe practice for individual patients, or reduced the incidence of major airway complications in the UK. In the two yr after publication, NAP4 led to major changes across broad areas of anaesthetic, ICU and ED airway practice in respondents' hospitals. Its impact appears to have been largest in ICU but also substantial in anaesthesia and the ED. It has reduced the 'safety gap' between actual and ideal practice in broad areas of practice. The survey has identified not only the impact of NAP4 but also shows those areas of practice where significant gaps remain, which require further action to improve airway safety in UK hospitals. These include the screening of morbidly obese patients before anaesthesia, the provision of capnography in anaesthetic recovery units and in some ICUs, staff training in recovery and ICUs, and routine use of an intubation checklist both in ICUs and in the ED. 
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